Abstract
INTRODUCTION
Current patterns of plant biodiversity are the result of two processes: the origin and maintenance of species. While the drivers of speciation in species-rich lineages are relatively well understood (Givnish 2010; Rieseberg and Willis 2007; Stebbins 1950) , the factors that determine coexistence of closely related species remain unclear. According to classic niche theory, species can coexist if they do not compete for the same resource, i.e. if they occupy different niches (Hutchinson 1959; Silvertown 2004; Tillman 1982) . Differences in resource utilization are mediated by differences in functional traits (Kraft et al. 2008) . According to this niche-partitioning model, communities are expected to consist of species that differ in functional traits, reflecting differences in resource utilization that enable species to avoid competition. However, the role of niche partitioning in community assembly has been called into question (Hubbell 2001 (Hubbell , 2005 . Furthermore, closely related species are often characterized by niche conservatism and therefore show a high similarity in functional traits (Ackerly 2003; Lord et al. 1995; Prinzing et al. 2001; Slingsby and Verboom 2006; Wiens 2004) . The functional similarity of closely related species implies limited scope for their co-occurrence due to niche partitioning when resources are limiting (MacArthur and Levins 1967) , and yet closely related species frequently coexist, especially in biodiversity hotspots (Slingsby and Verboom 2006) .
Most studies of plant community assembly focus on interactions between abiotic resources and plant physiological or vegetative traits (e.g. Gianoli et al. 2010; Martorell et al. 2015; Silvertown et al. 2015) . Even though germination, growth and survival are elementary aspects of the plant life cycle, reproduction is a crucial element as well. For the vast majority of flowering plants, reproduction is mediated by biotic pollinators (Ollerton et al. 2011) . Pollinators could be considered a limiting resource (Knight et al. 2005) , similar to abiotic resources, for which plant species can compete and which therefore may be considered a niche component that can affect community assembly (Johnson 2010; Johnson and Raguso 2016; Pauw 2013; Sargent and Ackerly 2008) . Local pollinator assemblages typically consist of a variety of animal groups (Pauw and Stanway 2015) , of which plant species may be specialized to utilize only a particular fraction (Gomez et al. 2015; Johnson and Steiner 2000) . Pollinator specialization is mediated by functional floral traits (Faegri and van der Pijl 1979) . Specifically, variation in floral attractant traits such as colour and scent mediates pollination by different functional pollinator groups, based on variation in perceptional bias among animals Fenster et al. 2004; Schiestl and Johnson 2013; Shuttleworth and Johnson 2010) , whereas variation in floral morphology mediates pollination through mechanical fit by functional pollinator groups with different morphologies (e.g. van der Niet et al. 2010) . Given that pollinators mediate gene flow in plants, specialization for different pollinators may also allow coexistence of closely related species that would otherwise hybridize and potentially merge into a single species (Ramsey et al. 2003; Whitehead and Peakall 2014) . This unique feature of the pollination niche sets it apart from other niche components, and may elevate the pollination niche as an important component for allowing species coexistence.
Coexistence of ecologically similar species that only differ in their pollination niche is theoretically plausible (Pauw 2013) . A model that was developed based on this theory suggests that coexistence is particularly likely if co-flowering species are characterized by different, specialized pollinators (Benadi 2015) . Contrary to classic niche theory, empirical evidence from pollination network studies suggests that plant species in communities often share pollinators (Olesen et al. 2007) and that closely related species often have similar pollinators (Vamosi et al. 2014) , consistent with the theory of niche conservatism. However, the general association between phylogenetic relatedness and the type of pollinators used by plant species within entire communities does not reveal whether utilization of similar pollinators also specifically applies to congeners, which often have similar requirements in terms of their growth environment. Other studies have provided evidence consistent with a role for competition for pollination in affecting community assembly in closely related species (Botes et al. 2008; Eaton et al. 2012) , either through divergent use of the same pollinator (but see Armbruster et al. 2014) or through specialization for different pollinators. Furthermore, evolutionary studies have revealed major shifts in pollination systems between closely related plant species that would, in theory, enable coexistence (van der Niet and Johnson 2012). To determine the role of pollinators in community assembly, more empirical studies of potential pollinator partitioning that focus specifically on closely related species that coexist are required.
The Cape Floristic Region (CFR) of South Africa is of exceptional diversity given its surface area, and much of this diversity is concentrated in a few lineages (Linder 2003) . It is therefore an ideal region to investigate how a large number of closely related species can coexist. Erica is the largest genus in the CFR with c 692 species (Oliver and Forshaw 2012) . Over 90% of CFR Erica species are characterized by a reseeding habit: adult plants are killed during the regular fires that characterize the CFR, and regeneration takes place from seed (Ojeda 1998) . Local competition for pollinators might result in pollen-limited seed set and even local extinction. We therefore expect that pollinator partitioning as a strategy to alleviate competition and pollen limitation might be an important mechanism of community assembly among Erica species in the CFR. Multiple vegetatively similar Erica species often co-occur in communities, suggesting that the abiotic niche is rather homogeneous. On the other hand, the tremendous floral diversity in Erica is thought to reflect pollination by wind, birds, long-tongued flies and other insects respectively (Rebelo et al. 1985) . Recently, pollination by rodents has also been documented (Turner et al. 2011) . The presence of presumed functional floral diversity provides a potential basis for pollinator partitioning. To identify the signature of competition for pollination in Erica community assembly, Heystek and Pauw (2014) investigated whether pollination syndromes of cooccurring Erica species were overdispersed compared to those of species sampled at random from the regional pool. Evidence supporting pollinator partitioning was found in only three out of nine plots, suggesting that competition for pollinators may be a less important determinant of Erica community composition than expected. However, this study did not consider flowering time, a variable that may affect competition: if co-occurring species flower at different times of the year they do not compete for pollinator services (Aizen and Rovere 2010) . This is relevant in the specific context of Erica, as species are known to flower throughout the year (Johnson 1992) . Furthermore, Heystek and Pauw (2014) classified species according to the pollination syndromes cf. Rebelo et al. (1985) . The vast majority of Erica species are included in the broadly defined insect pollination syndrome (Rebelo et al. 1985) , which implies that these species share the same, generalized pollination system. However, the pollinator fauna of the CFR consists of many different specialized insect pollinator guilds (Johnson 2010) . The observed absence of pollinator partitioning might therefore result from the use of an artificially broad pollinator category that obscures several specialized pollination systems. Currently, the pollination ecology of only a small number of the c 692 Erica species has been investigated in empirical studies. In the few species for which direct pollinator observations exist, only moths have been recognized as specialized insect pollinators (van der Niet et al. 2014) , while preliminary evidence suggests that honeybees may also be important pollinators (Hermann 1985) .
The aim of this study was to evaluate the hypothesis that Erica species with similar abiotic niches can coexist due to differences in their pollination niche. Specifically, we tested whether and to what extent co-flowering Erica species, categorized in the insect pollination syndrome, are characterized by variation in functional floral traits, and whether this variation mediates specialized interactions with different insect pollinators. We first quantified functional floral traits relevant for pollinator attraction, including scent and colour, and those that mediate the fit between plant and pollinator, including the length of the corolla and positioning of the anthers and stigma. We then assessed whether Erica species attract floral visitors representing different functional pollinator groups. We specifically distinguished visitors based on their behaviour and pollen loads, as these determine their importance as pollinators (e.g. Mayfield et al. 2001) . Finally, we determined whether co-flowering Erica species that use the same pollinator are negatively affected by interspecific competition, a key prediction that follows from niche theory.
MATERIALS AND METHODS

Study species and sites
Communities of co-flowering Erica species were studied at Agterwitzenberg Pass (AG, 33°14′08.5″S, 19°17′43.5″E, 636 m), Bain's Kloof Pass (BA, 33°36′34.8″S, 19°06′09.0″E, 721 m) and Franschhoek Pass (FR, 33°55′34.2″S, 19°09′33.0″E, 557 m) in the CFR in South Africa during the austral spring months September-October 2014. The studied communities covered an area from c 400 m 2 in AG to c 2500 m 2 at BA and FR. At each site, only Erica species that were classified as insect pollinated, or had flowers conforming to the insect pollination syndrome (Rebelo et al. 1985) , and that were in peak flower within the time of the study were included. Pollinator observations and measurements of floral traits were carried out for Erica calycina growing intermixed. At BA, the study site was divided into two parts. At the Happy Valley Trail (HV) subsite (c 2450 m 2 ), along a west-facing hill slope, E. labialis and E. calycina were studied. Here, E. calycina was locally common but E. labialis was rare with only a few individuals present. Erica totta was present at HV, but was already senescing at the time of the study as could be observed from the brown colouration of the flowers and the absence of noticeable scent. This species was studied 350 m away along the River Path (BA RP), on an east-facing slope, where a population in peak flower was present (c 50 m 2 ). At FR, E. labialis, E. totta and E. imbricata were locally abundant and grew intermixed. Voucher specimens of each study species from each community were deposited at the Bolus herbarium of the University of Cape Town.
Quantification and comparison of functional floral traits
To compare functional floral traits known to play a role in visitor attraction and in the interaction between visitors and plant reproductive parts, we measured and compared floral colour, scent, floral morphology and nectar properties in the field and the laboratory.
Colour
Flower and leaf colour was quantified using spectrophotometry following the methods described in van der Niet et al. (2014) . For each studied Erica species at each site, light reflectance was measured from one leaf and one flower, sampled from five randomly selected plants. Measurements of flowers were taken from either a petal or sepal, depending on which part is exposed to visitors. To assess whether visitors can distinguish flower colour among community members, reflectance spectra between 300 and 700 nm were plotted in a bee visual hexagon (Chittka 1992; Kipling and Warren 2014) . This vision model is appropriate for honeybees (Apis mellifera capensis Escholtz) (Chittka 1992) which were the most common insect visitors in this study. The discriminability of colours was determined by calculating average Euclidian distances between the loci in the hexagon (cf. Shuttleworth and Johnson 2010) in the program PAST (PAleontological STatistics) (Hammer et al. 2001) for two comparisons. First, to determine whether honeybees can distinguish between flowers and leaves of each species, colour distance between leaves and flowers was calculated per species per community. Second, to determine whether honeybees can distinguish between the flowers of co-flowering species, colour distance was calculated between the flowers of community members. Following Dyer and Neumeyer (2005) , a colour distance of 0.06 Δ hexagon units was used as a conservative threshold to determine discriminability of colours for honeybees.
Scent
Composition of floral scent was quantified from the headspace of flowering branches for three individual plants per species per community. Scent samples were taken in the field following methods described in van der Niet et al. (2014) . Polyacetate bags were placed over branches that contained a large number of newly opened flowers. Scent sampling was done between 10:00 and 14:00, coinciding with peak insect activity. Samples of ambient air were collected simultaneously with floral headspace sampling from empty bags placed at a distance of c 1 m from a study plant. Samples were stored at −20°C until they were analysed using coupled gas chromatography-mass spectrometry (GC-MS). Chromatograms were analysed using Varian MS workstation version 7 software. Peaks that occurred in plants but not in ambient air samples were identified with a NIST MS Search 2.0 database and the relative abundance was assessed by integrating the surface area under the peaks. Compounds present in both ambient air and plant samples in similar concentrations were regarded as non-floral and not included in the analyses. Compounds that could not be identified were marked as unknown and the six mass fragments present in the highest amounts were noted. The group of unknown compounds made up on average 4.3% (range 0.5-22.7%) of any scent sample. Before analyses, relative abundances of compounds (%) were square-root transformed to down-weight the influence of dominant compounds on the calculation of similarity between scent profiles. Variation among scent profiles was visualized using non-metric multidimensional scaling (NMDS) based on Bray-Curtis similarity in PAST (Hammer et al. 2001) , which is appropriate for this kind of non-normal data that includes a large number of absent compounds for each species (Clarke and Warwick 2001) . Analysis of similarity (ANOSIM) based on Bray-Curtis similarity was used to test whether scent profiles differed significantly among community members. Due to limited sample size, ANOSIM was only performed for BA and FR and pairwise comparisons among species were not possible. To determine which compounds contribute most to differences in scent bouquets among community members, we used a similarity percentages (SIMPER) analysis with Bray-Curtis similarity in the program Primer 6 version 6.1.15 (Clarke and Gorley 2006; Clarke and Warwick 2001) .
Dimensions
Phenotypic differences in flower shape and size were quantified using measurements of the length of the corolla tube (base to tip of lobes), anther (base to tip of filaments) and pistil as well as the diameter of the floral opening. Measurements were taken from one undamaged flower of 10 randomly selected individuals per species per community. The data were visualized using principal component analysis (PCA) based on a variance/covariance matrix and were statistically compared among community members using an ANOSIM based on Euclidean distances in the program PAST (Hammer et al. 2001) .
Nectar
Nectar volume and sugar concentration were measured from one flower with an unbroken anther ring [i.e. unvisited (cf. Geerts and Pauw 2011) ] from up to 10 plants per species per community. At BA and FR, almost all flowers of E. labialis had disturbed anther rings, so at these sites, flowers for nectar sampling in E. labialis were collected randomly. Nectar was sampled using 1 µl microcapillary tubes that were inserted through the floral opening to position the tip at the base of the corolla tube and moved around inside the corolla until no more nectar was taken up. Sugar concentration (w/w) was measured using a 0-50% Brix Bellingham and Stanley refractometer. Nectar volume was compared among community members using analysis of variance with a post hoc Tukey test or a t-test (depending on the number of compared groups), and sugar concentration was compared using non-parametric Kruskal-Wallis tests in PAST (Hammer et al. 2001) , followed by post hoc pairwise Mann-Whitney U-tests for pairwise comparisons among species within communities.
Visitor observations and pollen loads
To quantify floral visitors, visitor observations were carried out during sunny weather over 3 days at each community, with the exception of AG, where weather conditions restricted observations to 2 days. Visitors were observed over a total of 63 observer hours (AG 17 h, BA HV 14 h, RP 10 h, FP 22 h). Observations were conducted from the morning (9:00) until the late afternoon (16:00) to cover the typical activity time of most insect visitors. At each community, observations during 1 h after dusk were also carried out to assess whether crepuscular and nocturnal insects visited the Erica species. During the first day of observations, all insect visitors to flowers were systematically caught using a handheld insect net or a large vial. Insects were later identified to the lowest taxonomic level possible (minimum family level, specialists responsible for identification of each insect groups are listed in the acknowledgements). Thrips have been suggested as pollinators of European Erica species with relatively small flowers (Hagerup 1953) . To determine whether thrips may play a role in the pollination of the study species, the presence of thrips was assessed in at least 10 flowers per species per site.
To assess whether floral visitors carried Erica pollen, insect bodies were dabbed with fuchsine gel, prepared following Beattie (1971) . Per visitor, the gel was immediately melted onto a microscope slide and pollen loads were later counted under an Olympus CX21 compound microscope at a 100× magnification. Erica pollen can be readily identified at the genus level and species can be distinguished on the basis of whether they produce monad or tetrad pollen (EGH Oliver, personal communication; Sarwar and Takahashi 2014) . To assess insect pollen loads, up to 1000 pollen grains of different types (monad, tetrad, non-Erica pollen) were counted per visitor. To characterize the pollen type of study species, pollen reference slides from three flowers for each Erica species per community were prepared. Pollen type was determined by averaging the proportion of tetrads among 100 pollen grains per reference slide.
To estimate constancy of floral visitors, the presence of pollen type polymorphism among Erica species at BA and FR was utilized. If visitors exhibit constancy, the pollen type of the plant most recently visited should predict the pollen type that visitors carry. This expectation was tested using pollen loads of visitors in BA and FR. Reduced major axis regression in PAST (Hammer et al. 2001 ) was used to test whether the mean monad:tetrad ratio of a particular Erica species predicts the mean ratio of monad:tetrad pollen loads of insects caught on that species. AG was excluded from this analysis as the pollen type of E. lucida could not be established with confidence.
To quantify visitation rates among different visitor types, visitors were counted during 15-minute observation sessions by up to three observers during 2 days per study site. Visitors were identified at the level of functional visitor groups (cf. Fenster et al. 2004) , defined here as Coleoptera, Diptera, honeybee, solitary bee, other Hymenoptera (Hymenoptera order, but not honeybees or solitary bees, e.g. ants and wasps), Lepidoptera, and other (minor visiting groups, e.g. Blattodea, Hemiptera, thrips). A preliminary assessment of the identity of caught visitors and field observations of visitor behaviour suggested limited specialization within functional visitor groups, justifying this approach. During each observation session, all insect visitors that probed flowers were counted. The number of insect visitors of each functional group, the number of flowers probed during each visit, as well as the incidence of visible disturbance of anther rings (detected from explosive release of pollen), were noted. The number of plant individuals observed per session was recorded; plant number varied from one to five. Plant size was comparable among species within communities as a function of post-fire recruitment and was not taken into account in comparisons.
For each Erica population, the relative importance of each functional visitor group as pollinators was calculated as the product of average plant visitation rate per minute, the average number of flowers probed per visit and the average pollen load of the relevant Erica species per insect individual for that functional group. In some communities, pollen loads could not be assigned with certainty to a single Erica species; E. lucida produced both monad and tetrad pollen, but tetrad pollen found on insect visitors could also originate from E. totta in AG. The pollinator importance of insects observed on E. lucida was therefore calculated using the total amount of Erica pollen. At BA and FR, E. calycina, E. totta and E. imbricata produced tetrad pollen. For these populations, the total load of tetrad pollen on each visitor was used in calculations of pollinator importance. To establish whether the uncertainty in assigning pollen loads to a particular Erica species affected the relative importance of pollinator functional groups, pollinator importance of each functional visitor group was also calculated without taking pollen loads into account. In some cases, the average number of flowers probed and/or average pollen load data was missing for a particular functional group in a community. Here, the overall average of that functional group across all Erica species was used to calculate pollinator importance.
Visitation frequency
To establish whether co-occurrence of congeners that share a functional pollinator group negatively affects pollinator attraction, visitation rates were compared among species within communities.
To assess whether visitation rates differed among community members, the total number of insect visits per plant per observer session as well as the number of visits by honeybees were each compared using Generalized Linear Models (GLMs) (McCullagh and Nelder 1989) with a negative binomial distribution and a logit link function. The number of plants observed was natural log transformed and included as an offset variable to obtain standardized measures of visitation per plant per observer session. To account for variation in the duration of observer sessions, the duration of each observer session in minutes was included as a covariate.
Due to minor interspecific variation in peak flowering time among community members, insect visitation rates may not be a reliable indicator of differences in plant attractiveness to pollinators. However, in Erica species, flower visitation is accompanied by disturbance of the anther ring, which can therefore be used as a proxy for visitation rates over longer periods (cf. Geerts and Pauw 2011). Anther ring disturbance was assessed for 10 flowers on one randomly chosen branch from 10 individuals per Erica species at each site, except for E. totta at BA for which only six plants were sampled. The number of flowers with disturbed anther rings was compared between Erica species within each community using GLMs with a binominal distribution and logit link function.
For both statistical visitation rate analyses, a scale weight factor was included to correct for overdispersion if the deviance ratio exceeded 1.5. Significance was assessed from likelihood ratio tests (Littell et al. 2006) . The sequential Sidak procedure was used to adjust significance in multiple comparisons. All GLM analyses were implemented in SPSS 21 (IBM Inc.). Means and standard errors were back-transformed from the logit scale for graphical presentation.
RESULTS
Floral traits
Colour
Loci of flower and leaf colour spectra plotted in the bee colour space clustered by species and plant part, but some measurements, most commonly of leaves, overlapped in the colour space (Fig. 2) . Colour distance between the perianth and leaves of each species always exceeded the bee discrimination threshold of 0.06 Δ hexagon units (see online supplementary Table S1 ). Average colour distance among flowers of Erica species within communities also always exceeded 0.06 Δ hexagon units (see online supplementary Table S2 ).
Scent
A total of 157 scent compounds were detected among all studied Erica species (see online supplementary Table S3 ). The average ± SD number of compounds produced by each species was 38.7 ± 11.4. Compounds were derived mostly from the following classes: aliphatics, isoprenoids or benzenoids. Nitrogen containing compounds were only present in a few species and no aromatic compounds were identified. Visual inspection of the NMDS plot revealed that populations within species cluster together (Fig. 3) . Overall scent profiles differed among species at both BA (R = 0.75, P < 0.01) and FR (R = 0.48, P < 0.01). Compounds that were most dissimilar among community members were 1,4-Pentadiene at AG; Methylbenzoate (E. calycina-E. labialis, E. labialis-E. totta) and 2-Methyl-hexanoic acid (E. calycina-E. totta) at BA; and (Z)-Hex-3-en-1-yl acetate (E. imbricata-E. totta, E. labialis-E. totta) and an unknown compound (m/z: 93,79,91,69,41,81; E. imbricata-E. labialis) at FR (Table 1) . 
Dimensions
Flowers clustered by species in the PCA of floral measurements (Fig. 4) . PC1 explained 82.5% of the variation, and anther and pistil length, and to a lesser degree corolla length, were loaded positively along PC1. PC2 explained 13.6% of the variation, and corolla length was loaded positively along this axis. Significant differences in floral dimensions were observed among species for all communities (ANOSIM AG, R = 0.906, P < 0.01; BA, R = 0.867, P < 0.01; FR, R = 0.933, P < 0.01; all pairwise comparisons between species also indicated significant differences P < 0.01; specific results not shown).
Nectar
Mean nectar volume per flower varied from 0.02 to 0.32 µl (Table 2) . Nectar volume differed significantly among species at BA (F = 6.05, P < 0.01) and FR (F = 5.95, P < 0.01), but not at AG (F = 0.06, P = 0.81). At both BA and FR, E. totta had significantly higher nectar volumes than E. labialis (P < 0.01 and P < 0.05, respectively), while at FR, E. totta had a significantly higher volume than E. imbricata (P < 0.01). Nectar sugar concentrations varied from 13.8% to 25.8% (Table 2) . Sugar concentration was significantly higher in E. lucida compared to E. totta at AG (P < 0.05), but did not differ among species at BA (P = 0.51) and FR (P = 0.06), although at FR the sugar concentration of E. totta was significantly lower than that of E. imbricata (P < 0.01).
Visitation and pollination
A total of 510 insect visits were recorded during 88 observation sessions at the three sites (see online supplementary Table S4 ). Visitors included members of several functional groups. Honeybees were by far the most frequent visitors (51.8% of all visits; Fig. 1 ), followed by other Hymenoptera (16.3%), Diptera (12.7%) and solitary bees (12.5%). The remaining functional groups contributed <10% of the total visitor assemblage. The most common visiting families among the functional group, 'other Hymenoptera' were Formicidae (ants). The most common fly families among visitors were Scathophagidae and Calliphoridae (see online supplementary Table S5 ). Most solitary bees were from the genus Patellapis (see online supplementary Table S5 ). With the exception of beetles, most visitors were observed to probe flowers. However, pollen explosion from active rupturing of the anther ring was only observed for foraging honeybees on E. labialis. Thrips were found in only a single flower of E. labialis out of a total of 282 flowers inspected across all species. Pollen type of the Erica species on which visitors were caught significantly predicted the dominant pollen type found on visitors (P < 0.05) (Fig. 5) , suggesting floral constancy among visitor species for Erica species with similar pollen types.
The number of flowers probed per visit and pollen loads on insect bodies were highest in honeybees, solitary bees and Diptera (see online supplementary Tables S5 and S6). Based on these results, honeybees are the most important pollinator for all Erica species, with the exception of E. calycina, for which solitary bees are the most important pollinators (Fig. 6) . Results of analyses that did not include pollen loads showed the same pattern (Fig. 6) .
Differences in visitation rates among Erica species were observed at all communities ( Fig. 7 ; see online supplementary Table S7 ). Overall visitation rates did not differ between E. lucida and E. totta at AG (P = 0.17; Fig. 7 ), but there was a significant difference between honeybee visitation rates at AG (P < 0.05; Fig. 7) . Erica calycina at BA received significantly fewer visits from insects than E. labialis (P < 0.01) and E. totta (P < 0.01). At FR, E. imbricata received significantly fewer visits than E. totta (P < 0.05), but not less than E. labialis (P = 0.13). Erica imbricata also received fewer visits from honeybees than the other species at FR (P < 0.01).
In all the studied populations, anther ring disturbance indicated that more than half of flowers received one or more visits (Fig. 7) . Within communities, most species showed similar rates of anther ring disturbance (Fig. 7) . However, in two of seven between-species contrasts, differences in disturbance rates were detected among species: E. labialis exhibited higher disturbance rates than E. calycina (P < 0.01) at BA and than E. imbricata (P < 0.01) at FR (Fig. 7) .
DISCUSSION
This study shows that with the exception of one species, co-flowering insect-pollinated Erica species differ in floral phenotype but not in pollination system. Within communities, species were characterized by a distinct floral scent and colour, and most species differed in floral dimensions and nectar characteristics. Although visitor assemblages were composed of a wide array of insects, honeybees were the most important pollinators of all but one of the studied Erica species when flower visitation and pollen loads were taken into account. Despite the apparent lack of specialization for different pollination systems, negative effects of pollinator sharing appeared relatively minor; visitation rates, both of all visitors and of honeybees alone, differed among several species. However, when comparing anther ring disturbance, a proxy for long-term visitation rates, no difference was found in five out of seven comparisons among co-flowering Erica species. Together these results suggest that the assembly of coflowering insect-pollinated Erica species is not determined by competition for vectors within the pollination niche, and that other explanations are required to understand coexistence in Erica communities. The observed lack of specialization in pollination systems among co-flowering Erica species could potentially be an artefact of analysis of floral visitation at the level of functional groups rather than species, which could obscure specialization within functional groups. However, the most important pollinator of almost all studied Erica species was a single species, the honeybee. Further, if co-flowering Erica species were pollinated by the same potentially broad artificial functional pollinator groups, members of the same genus were utilized as pollinators in several cases: E. imbricata and E. labialis were both visited by members of the syrphid fly genus Eristalinus and members of the solitary bee genus Patellapis. In these cases, the use of functional groups instead of species or genera did not affect our conclusion of a lack of specialization. We exclude the possibility that the high incidence of honeybee pollination can be explained by their use as crop pollinators in South Africa (e.g. Melin et al. 2014) . Apis mellifera capensis is native to South Africa, and our study sites were in distinct habitats, not directly adjacent to farming areas, and in one case well beyond typical foraging distances for European managed honeybees (Couvillon et al. 2015) .
Our finding that multiple closely related plant species within a community share a pollinator species may not be unexpected. In a broad survey of plant-pollinator interaction networks, Bascompte et al. (2006) showed that asymmetrical interactions, where multiple plant species rely on a single pollinator species, are common; other studies of pollination networks have revealed that closely related species are likely to utilize similar pollinators (Chamberlain et al. 2014; Rezende et al. 2007; Vamosi et al. 2014) . Together these studies imply that pollinator sharing among closely related plant species is to be expected and may rather be beneficial than detrimental (Feldman et al. 2004; Moeller 2004; Sargent and Ackerly 2008) .
Facilitative interactions among plants via shared pollinators can occur through the joint attraction of pollinators by large floral displays. The population size of social insects such as honeybees is most likely limited by resource availability, rather than availability of nesting sites, for instance (Schneider and McNally 1993) . Simultaneously flowering honeybee-pollinated Erica species might thus attract and sustain a larger number of honeybees. At the same time, co-flowering might have negative effects on male and female fecundity due to Abbreviations: %, percentage contribution of each compound to dissimilarity between species; Diss./SD, percentage contribution/standard deviation, both of which indicate compounds that are characteristic for dissimilarity between species. Unknown compounds are listed by mass fragments in decreasing order of abundance. Compounds highlighted in bold contribute the largest amount of dissimilarity within any species pair. (Mitchell et al. 2009; Muchhala and Thomson 2012) . Reduced visitation over the lifespan of species was only detected in two out of seven comparisons and therefore of relatively minor importance, although this measure of competition does not directly quantify fecundity. Mechanisms that might mitigate negative effects of HPT operate either through differential pollen placement (Huang and Shi 2013) or through the operation of floral constancy among pollinators (Kipling and Warren 2014) . Although the floral morphology of studied Erica species differed, our observations suggest that placement sites of pollen on honeybee bodies appeared similar. However, the significant association between dominant pollen type on visitors and Erica pollen type suggests that constancy occurs, at least among species with different pollen types. Floral constancy in honeybees can occur through signals, which can be perceived and used to discriminate plant species (Chittka et al. 1999) . Indeed, flower colour among Erica species in communities invariably differed beyond thresholds that honeybees are thought to be able to perceive (Dyer and Neumeyer 2005) . Similarly, scent compounds that distinguished co-flowering species, such as methylbenzoate, myrcene, limonene and benzaldehyde, are known to be utilized by honeybees for making foraging decisions and may therefore also contribute to floral constancy (Reinhard et al. 2010; Wright et al. 2002) . A prediction that follows from the hypothesis that coexistence is mediated by facilitation combined with floral constancy is that closely related species that share pollinators can only co-flower if their traits allow discrimination by pollinators to result in floral constancy. This is even more pertinent for species, which can hybridize. Testing of this hypothesis requires an experimental approach in which the effect of trait variation on constancy is quantified and linked to a measure of plant fecundity. An alternative mechanism through which similar species that utilize the same pollinator may coexist in communities is by segregated flowering times (Moeller 2004 ). Although we focused on co-flowering Erica species, during the 2-month period of fieldwork, distinct differences in flowering phenology were observed between species, and even within species, possibly depending on the local growth environment (e.g. E. totta at BA). Indeed, the higher incidence of interspecific differences in honeybee visitation rates, a snapshot measurement at a single point in time, relative to anther ring disturbance, which reflects visitation throughout the lifetime of 
Figure 4: distribution of Erica species from all three communities, identified by different symbols, along the first two axes of a principal component analysis based on floral dimensions (length of the corolla, anther and pistil and diameter of the floral opening). an individual, might indicate phenological turnover among honeybee-pollinated species. Further, when two of the three study sites were revisited 6 months after the study, an entirely different set of flowering Erica species were found, including E. nudiflora for which visits by honeybees at AG were observed (unpublished observations). These observations are consistent with temporal partitioning of the pollination niche by Erica species within each community, a phenomenon that has been previously recognized and suggested to be facilitated by the relatively mild year-round climate of the CFR (Johnson 1992) . The apparent lack of specialization for different pollination systems among species, which appear to occupy similar growth environment niches, is at odds with classic niche theory (Pauw 2013) . Two possible explanations for this apparent paradox exist. First of all, co-occurring species may differ in niche components which were not measured here, but which limit intraspecific population growth. For instance, although the studied species frequently grew side by side, differences in microhabitat cannot be excluded: E. totta has a crawling habit and is always associated with sandstone outcrops, whereas most other species grow in deeper humus-rich sandy soils. Similarly, below-ground mutualistic interactions might also regulate population growth (Hart et al. 2003) and determine patterns of coexistence in the CFR (Waterman et al. 2011) . Potential microhabitat partitioning merits further investigation as potential determinant allowing similar species such as these Erica congeners to coexist. Secondly, although results suggest that negative effects of competition for pollination among Erica species are infrequent, in two comparisons, coflowering species differed in visitation and anther ring disturbance rates. Interestingly, in case of the lower visitation of E. imbricata at FR, this is associated with a lower nectar reward per flower. If competition for pollination occurs, how can species persist in a community with superior competitors? One explanation proposes the frequent occurrence of fire as a likely driver of community assembly. The disturbance created by regular fire, in a low-nutrient landscape, where recovery rates are typically low, precludes any species from dominating a community (Cowling 1987) . This might explain the co-occurrence of ecologically similar, competing species and indeed general high species richness in fire-prone biomes (Bond et al. 1992) .
Our study contributes novel, empirical observations of the pollination system and associated floral traits in Erica species included in the insect pollination syndrome of Rebelo et al. (1985) , a category for which empirical data are limited (van der Niet et al. 2014) . Erica species with small flowers have previously been thought to be pollinated by thrips (Hagerup 1953 ), but our results dismiss thrips as pollinators of the studied Erica species. Further, although visitor observations were consistent with the classification of most Erica species as insect pollinated (Rebelo et al. 1985) , the more detailed work carried out in this study revealed that despite visitation by many animal species and functional groups, honeybees Letters indicate whether or not anther ring disturbance is significantly different among species within a community at the 5% level.
are likely the most important single pollinator species of four out of five studied Erica species (cf. Rebelo et al. 1985) . An exception to this observation was E. calycina. This species, which was observed during late-flowering stages, was characterized by low visitation rates, and the identification of its pollination system was based on very few observations. Further work is required to assess whether this species is specialized for pollination by solitary bees instead of honeybees, or whether low visitation rates reflect competition for honeybee visitation with the simultaneously flowering E. totta.
CONCLUSION
Research into the drivers of the evolution of the tremendous species diversity in the CFR has revealed an important role for adaptive divergence along both biotic and abiotic niches (Schnitzler et al. 2011; van der Niet and Johnson 2009) . Abiotic niche components have received attention for understanding the maintenance of a large number of species in the CFR (Bond et al. 1992; Slingsby et al. 2015) . Evidence from this study adds a novel perspective on the role of the biotic pollination niche for species coexistence. We have shown that it is unlikely that competition for vectors within the pollination niche plays an important role in determining community assembly among co-flowering insect-pollinated species of Erica, the largest genus of the CFR. These results support findings from a previous study (Heystek and Pauw 2014) . Further research is required to identify the processes that allow multiple similar and closely related species to coexist.
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